In numerous studies of estuaries of the West Coast of the United States, we have recovered �. perfringens, total and fecal coliforms, and fecal strep tococci from shellfish, sediments and water. In some areas closed to shell fish harvest and known to be subject to fecal contamination, f. perfringens were recovered regularly from shellfish and sediments. For example, in one estuary, prior to sampling, a local sewage treatment plant (STP) with a design capacity of 1 million gallons per day (MGD) was receiving high flows of raw sewage of 3.02 MGD. This resulted in an overflow or bypass of raw sewage into the estuary. Fecal coliform and fecal streptococci levels measured in impacted oysters showed an increase during the initial stages of the bypass and decreased to baseline levels by the 5th day of sampling. f. perfringens levels increased from 36 MPN/IOO 9 and reached maximum levels in oysters (4600 MPN/IOO g ) on the 6th day when the sewage flow was returning to normal, but still over capacity (1.8 MGD) and sewage was being discharged into the bay. At this time, fecal coliforms and fecal streptococci counts were near baseline levels (120 and 50 organisms/lOO g respectively). Therefore, at the later stages of the sewage bypass, �. perfringens was a useful indicator of fecal contamination in oysters.
INTRODUCTION
Clostridium perfringens is one of the most widely distributed of the pathogenic bacteria. It is found in soil, sediment of fresh and salt waters, and in the intestinal tracts of man and other animals. This organism is a common cause of foodborne illness.
�. perfringens can easily be introduced into estuaries as a result of phenomena such as wet weather run-off or sewage bypasses. As a consequence, shellfish inhabiting the affected estuary can ingest this organism. Since consumption of raw or improperly cooked shellfish containing pathogenic microorganisms is a major cause of seafood related gastroenteritis (Bryan, 1980) , the presence of pathogenic �. perfringens in shellfish growing waters could be of sig nificance.
One of the most common solid media used for studies of this organism is Tryptose-Sulfite-Cycloserine (TSC). We have compared TSC to the Iron Milk Medium (IMM) for the enumeration of �. perfringens. The IMM yielded sig nificantly higher values of �. perfringens compared to TSC for all sample types which included shellfish, sediment and water samoles. The IMM is useful for the rapid enumeration of �. perfringens of estuaries.
In this presentation, the possible use of �. perfringens in conjunction with the fecal coliform as an indicator of quality in shellfish growing areas and the application of the Iron Milk Method for the enumeration of environmental C. perfringens will be discussed.
CLOSTRIDIUM PERFRINGENS AS AN ADJUNCT INDICATOR ORGANISM
The use of indicator bacteria in shellfish and water sanitation dates back to the beginning of the century. One of the many criteria for organisms serving as indicators includes the pre-requisite that they originate from the gut and hence are excreted in feces of animals, especially humans. Therefore, the finding of larg e numbers of indicator organisms in environmental samples suggests that pollution has occurred, and hazards to health exist. In the U.S., waters from which shellfish are harvested must meet the following bac teriological criteria:
(1) the total coliform median does not exceed 70 per 100 ml and not more than 10 percent of the samples exceed an MPN of 230 per 100 ml for a 5-tube decimal dilution test or 330 for a 3-tube, 3-dilution test (total coliform standard need not be applied if it can be shown coliform not of direct fecal origin, no public health hazard) (Houser, 196 5) ; or, (2) the fecal coliform median does not exceed 14 oer 100 ml and not more than 10 percent of the samples exceed an MPN of 43 for a 5-tube dilution or 49 for a 3-tube, 3-dilution (Hunt and Springer, 1974) .
A number of bacteria have been used as indicators of fecal pollution. Those most commonly accepted are coliforms and fecal coliforms. Studies have also used E. coli as a more specific indicator of human and animal waste. Fecal streptococci and Clostridium oerfringens have also been proposed to indicate fecal pollution in municipal watersheds and shellfish growing waters (Madden et al., 1986; Sorensen and Eberl, 1987) . In the U.S., the classification of shellfish growing waters is based on water quality indicators utilizing total or fecal coliforms (Anon., 1986) . However, the NSSP program recognizes the importance of the bacterial levels in the shellfish at the wholesale market level and as an adjunct to growing area studies. Shellfish, as filter feeders, collect and concentrate the microorganisms present in the water. Since shellfish, especially oysters, are eaten whole and often uncooked in the U.S. and other countries, they present an additional potential health hazard if harvested from contaminated waters (Bryan, 1980; Gerba et al., 1980; Matches and Abeyta, 1983) .
In our studies, �. oerfringens has been recovered regularly from oysters (Crassostrea �), sediments, and water samples (Table 1 ). This has also been observed for other shellfish species. Madden and coworkers (1986) found �. perfringens ranged from < 2 to 1400 organisms per g in mussels. In one study conducted by our grouo, all � ediment samp!es (n=13) contained �. perfringens, ranging from 1.1 X 10 to 9.3 X 10 per 100 g, whereas, in seawater, �. perfringens were recovered from 23% of the samples (n=216). In all cases, E. coli was recovered in qreater numbers from water samples supporting its usefulness as an indicator of water quality; however, for shellfish, f. perfringens was recovered in greater numbers than � coli. Madden and coworkers (1986) also found that f. perfringens was always present in shellfish in greater numbers than E. coli, indicating significantly greater persistence for f. perfringens in sheTIfish. j -2.52
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The public health significance of f. oerfringens has been well documented (Bryan, 1980) . Pollution of estuaries by domestic sewage or run-off can result in discharges of vegetative cells and spores of f. perfringens which reach fish and shellfish. The usual procedures used for cooking seafood will most likely kill vegetative cells, but will not always eliminate spores. In fact, cooking often activates spores and at the same time reduces the oxi dation-reduction potential of the flesh to conditions favorable for spore germination and outgrowth of f. perfringens. Consequently, time and temperature abuse of contaminated products could lead to growth of vegetative cells of f. perfringens to levels capable of causing illness. An additional significant finding regarding f. perfringens isolated from the environment was recently reported by Raghuber (1987) . In samples of fish intestinal contents, basin sediment, intertidal sediment, and clams, 69% (n=253) of the cultures were enterotoxin producers (Table 2) . Ninety-one cultures of the 253 enterotoxin producers were identified as serotypes most commonly implicated in foodborne outbreaks.
One of our recent studies lends further support for the possible use of C. perfringens as an adjunct indicator organism. During an investigation of a shellfish growing area we found that prior to sampling, a local sewage treatment plant (STP) with a design capacity of 1 million gallons per day (MGD) was receiving high flows of raw sewage of 3.02 MGD (Figure 1 ). This resulted in an overflow or bypass of raw sewage into the estuary. A closure of the bay to harvest was effected immediately by state officials. Fecal coliform and fecal streptococci levels measured in oysters harvested from various impacted sites showed an increase from < 18 and 23 MPN/IOO g to 330 and 230 MPN/100 g respectively, during the initial stages of the bypass and decreased to baseline levels by the 5th day of sampling. As the flow of raw sewage decreased, f. perfringens levels increased from 36 MPN/gm and reached maximum levels in oysters (4600 MPN/100 g ) on the 6th day when the sewage flow was returning to normal, but still over capacity (1.8 MGD) and sewage was being discharged into the bay. At this time, fecal coliforms and fecal streptococci counts had returned to baseline levels (120 and 50 organisms/100 gm respectively). Therefore, at the later stages of the sewage bypass, f.
perfringens was a useful indicator of fecal contamination in oysters. (St. John et al., 1982) was developed to circumvent problems of using plate media containing inhibitory agents and to avoid laborious, costly, and time-consuming preparations of plates (Angelotti et al., 19621 Marshall et al., 19651 Shahidi and Ferguson, 19711 Harmon et al., 1971) . The official Association of Official Analytical Chemists (AOAC) method for enumeration of f. perfringens is a plating method, using TSC (Harmon et al., 1971) and requires selecting a representative number of colonies for isolation followed by biochemical testing. In the interest of developing a convenient and rapid method for identification of f. perfringens, especially for field work, St. John et al. (1982) developed a simple Iron Milk Method.
The selectivity 0b the medium is based solely on the rapid growth of f.
perfringens at 45 C (Figure 2 ) resulting in the typical stormy fermentation reaction within 18 hrs. Stormy fermentation in iron milk at 45 0 C has long been used as one of the confirmation tests for f. perfringens. Stormy fermentation, highly indicative of the presence of f. perfringens, is defined as the production of an acid curd with subsequent disruption of the curd by a large volume of gas. The acid clot is produced by the acidification of milk (lactic acid fermentation) to a pH of 4.5 (MacFadden 1980). 534 -9---- 
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The IMM is prepared by placing 10 ml homogenized pasteurized milk and approximately 0.2 g iron powder in 16 x 150 mm screw-capped tubes. The medium is sterilized at 10 Ibs pressure, 116 o C, for 10 minutes and used within 2 hours of preparation.
Clostridium perfringens is detected and enumerated with a 3 or 5 tube IMM Most Probable Number method.
The use of iron milk medium for enumeration of £. perfringens has been well documented (Wekell et al., 1980i St. John and Matches, 1982i St. John et al., 1982i Abeyta, 1983 , 1985a . Recently in stUdies of £. perfringens inoculated into shellfish and lean meats, there were no significant dif ferences in recovery abilities of IMM compared to plating media TSC and SFP. Similar results were found with naturally contaminated cuttlefish .
The prevalence of f. perfringens in shellfish, sediment and seawater was determined for two major shellfish growing areas. All samples were enumerated by using the IMM. Selected samples were compared with the official AOAC method. The IMM gave higher recoveries of f. perfringens compared to the AOAC Method (Table 3) . To measure reproducibility of the IMM, f. perfringens levels were measured in duplicate for 78 samples of seawater, oysters, clams, cockles, silage, sewage and sediments. The estimates of replicate error were computed for samples where both counts were within the countable range. All calculations were made using the Log 10 MPN. The value of the mean, variance and percent coefficient .of variation for each sample type are given (Table 4 ). The variances ranged from 0.02708 to 0.07735. An examination of the individual observations indicate that two variances cause the estimates for sediment and shellfish to be inflated. The recomputed values are shown in the lower part of Table 5 . Coefficients of variation are listed for all samples showing the range (Table  5) . Data show that 86% of the percent CV's are less than 15 and 83% less than 10. The overall estimate using ' all pairs is 7.6%. The repeatability standard jeviation (S R ) is 0.23401.
These are comparable to S R values determined by other investigators for MPN Methods. For example, Entis (1984) had S R values ranging from 0.1498 to 0.4120 using an MPN Method to enumerate E. coli in samples of fish, poultry, walnuts and cheese.
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CONCLUSION
Clostridium perfringens in addition to fecal coliforms and fecal streptocci is a useful indicator of fecal pollution in shellfish growing waters. The presence of f. perfringens in the absence of coliform bacteria indicates contamination occurred at some previous time. This information could be useful to the sanitarian specialist in assessments of hygienic quality of shellfish growing waters. In addition, f. perfringens can be used as a possible means of obtaining a historical record of fecal pollution of aquatic environments. f. perfringens is easily recovered and enumerated in the field with the Iron Milk Medium. Compared to conventional solid plate methods, it is inexpensive, simple to prepare, time-saving and gives a rapid evaluation of f. perfringens. It is ideal for field work and enables the analyst to examine more samples in less time compared to conventional plate methods. 
